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GENERAL INTRODUCTION 
The tropics is defined as the region lying between and 
near the 2 parallels lines, one at 23.5° north of the 
Equator (tropic of Cancer), and the other at the same 
latitude south of the Equator (tropic of Capricorn). Some 
authors include the subtropics with the tropics and set 
limits between 30° north and south of the Equator. The 
tropics have about 64% of the world cattle population, but 
only accounts for 36% of total beef production (Mannetje, 
1984). The tropics also contain about 3/4 of the world 
human population, who do not consume enough animal protein 
in many situations. Pastures constitute the main and 
sometimes the only source of feed for ruminant livestock. 
Annual rainfall and its distribution are the most important 
factors determining the productivity of grassland pastures. 
Rainfall decreases from about 5000 mm in the rain forest 
around the Equator to near zero in the desert. The period 
of rainfall ranges from 10 to 12 months to few days a year. 
The longer the dry period, the shorter the forage supply for 
cattle. The major cattle species native to the region is 
Bos indicus. Its productivity is generally low compared 
with that of Bos taurus in temperate climates. Among the 
reasons for low productivity are heat stress, lower quality 
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feeds, poor management, diseases and parasites, and lower 
genetic merit of the genus for growth. The low cattle 
productivity, their large number and subsequent negative 
impact on the fragile tropical ecosystems are major sources 
of concern. 
Many attempts have been made to improve the 
productivity of tropical cattle through breeding, disease 
control, nutrition and management. Although improving 
cattle breeds by selection or crossbreeding is a slow 
process, rapid improvements have been achieved in a relative 
short period of time by disease control (vaccinations, 
external and internal deparasitages). Some progress has 
been made on improving cattle nutrition in Australia and 
South Africa. Limited data exist on the nutrition of cattle 
in Central and West Africa. Some work has been conducted in 
Senegal, Cote d'Ivoire and Cameroon by the Institut 
d'Elevage et de Medecine Veterinaire des Pays Tropicaux 
(lEMVT), France and the national research institutions in 
those countries. Most of these studies were centered on the 
estimation of the botanical composition and the carrying 
capacity of grassland pastures and feedlot responses of 
native cattle breeds. Established in 1974 and based in 
Ethiopia, the International Livestock Center for Africa 
(ILCA) has been developing systems research in Sub-Saharan 
Africa. 
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With population explosion in recent years in tropical 
Africa, more grazing lands are being cultivated for food 
production. Therefore, with shrinking pasture areas, more 
animals are underfed, especially during the dry season. 
This increase in cultivation of crops generates 340 million 
tons of crop residues (Kossila, 1984) and agro-industrial 
by-products. If used efficiently as feed supplements, these 
by-products could alleviate loss of animal productivity 
resulting from undernutrition during the dry season. 
However, little is known about their nutritive value for 
ruminants. Also, the nutrient requirements of tropical 
cattle are still a long way from being elaborated. 
The objectives of this work were to estimate the value 
of cottonseed cake as a protein supplement for grazing 
steers by measuring its effects on animal performance and 
intake and utilization of a low quality pasture. Finally, 
these measurements were used to predict production level of 
grazing steers. These objectives were achieved in an in 
situ trial where estimates of the degradability and escaped 
values of cottonseed meal were measured. Then it was fed as 
a supplement at graded levels to grazing steers to measure 
their growth performance during the dry and the rainy 
seasons. The effect of protein supplement on forage intake 
and digestibility by steers was measured during eight 
monthly collections from February to September, and 
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digestion passage kinetics measured during six of them (from 
April to September). A second in situ trial was conducted 
to evaluate the effect of protein supplement on forage dry 
matter and cell wall degradation by steers. Data obtained 
and information from the literature were used to simulate 
the utilization of protein and energy by grazing steers. 
Explanation of dissertation format 
This dissertation is composed of independent papers 
prepared for submission to scientific journals. Two 
separate papers have been prepared from research performed 
at the Institute of Animal and Veterinary Research, Garoua, 
Cameroon by the first author to partly fulfill requirements 
for the Ph.D degree. Each paper is complete in itself and 
has an abstract, an introduction, material and methods, 
results and discussion, and literature cited. The papers 
are preceded by a general introduction and a literature 
review. The literature cited in the general introduction, 
literature review, and summary and conclusions follow the 
summary and conclusions. The second author contributed to 
the design of the studies reported in the two papers and 
their reorientation during a two-week visit to Cameroon, and 
to the analysis and interpretation of the data at Iowa State 
University. 
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LITERATURE REVIEW 
In the tropics and especially in tropical Africa, feed 
for production of ruminants is from the natural grassland 
pastures throughout the year. Pasture improvement is not 
only limited by the lack of technology and inputs, but also 
by the land tenure policy that makes range lands communal 
resources, available to all livestock owners. 
Pasture quantity and quality depend on the rainfall and 
its distribution (Butterworth, 1985; Minson, 1971). 
Rainfall is high around the Equator, sometimes 2000 to 10000 
mm a year. This corresponds to humid forest region, 
infested with tsetse flies (Glossina spp.) which limit 
cattle production, despite the availability of large 
quantities of forages. Local breeds resistant to 
trypanosomiasis (N'dama, Muturu, Baoule) represent only 5% 
of the total cattle population in Sub-Saharan Africa (King, 
1983). As one moves away from the Equator, rainfall 
gradually decreases to 600 mm which corresponds to the 
Soudanian savannah with tall grasses, where most of the 
livestock grazing occurs. The Sahel is the region with 
rainfall between 500 and 100 mm where grass is less 
abundant. This region contains an equivalent of 51 million 
cattle (a tropical livestock unit is defined as a 250 kg 
mature Zebu cattle, Le Houerou, 1989). Rainfall below 100 
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mm occurs in the desert which has basically no substantial 
forage to support livestock production. As the amount of 
rainfall decreases, the length of the rainy period also 
decreases. During the dry season which varies from 2 to 10 
months a year, pastures are dry and are frequently subject 
to fires. The lower the amount of rainfall, the more it 
fluctuates from year to year (Butterworth, 1985) causing 
drought conditions such as those of 1973-74, 1982-85 and 
1987 which were responsible for severe livestock loses. 
Nearly 50% of livestock production in Sub-Saharan Africa 
occurs in areas where there is shortage of forage and water 
during certain periods of the year (King, 1983). The over-
exploitation of the fragile ecology of the Sahel region by 
extensive livestock and farming systems are major sources of 
concern, as they contribute to the advancement of the desert 
towards the Equator. Special efforts need to be directed 
towards the formulation of sustainable agricultural 
production technologies that could increase animal and food 
production and yet conserve or even improve the ecosystems 
in the tropics. 
This review first briefly presents characteristics of 
the nutritive value of tropical pastures, then some effects 
of nitrogen or protein supplementation on production of 
ruminants grazing poor quality forage and the interactions 
of supplemental energy and protein on pasture utilization by 
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grazing animals. Finally, some approaches to determine the 
energy value of tropical pastures and the nutrient 
requirements of tropical cattle are also discussed. 
Nutritional value of tropical pastures 
The biomass and the nutritive values of tropical 
pastures are influenced by species, stage and season of 
growth, climatic conditions and soils (Butterworth, 1985). 
The nutritive values have been studied intensively in recent 
years especially by laboratory analyses (Butterworth, 1967; 
Boudet and Riviere, 1968; Kayonga-male, 1976). 
Crude protein value of pastures 
Several studies have pointed out that the low level of 
nitrogen in tropical pastures, especially at maturity, is 
the main cause of their poor quality (Minson, 1967; Piot, 
1975; Mannetje, 1984; Butterworth, 1985; Cronje, 1990; 
Siebert and Hunter, 1982). Butterworth (1967) tabulated the 
crude protein (CP) content of 477 tropical forages with an 
average of 7.5%. Gohl (1975) obtained an average 9.9% CP of 
670 samples, and 27% of them had less than 7% CP. Moreover, 
a great proportion of the CP in cattle diets is obtained 
from shrubs and leaves of trees, and this is often 
chemically associated with lignin that decreases its 
availability. Furthermore, tropical forages seem to have 
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unusually high levels of tannin. Diagayete and Huss (1982) 
reported tannin concentrations exceeding 10% and sometimes 
up to 20 % of DM from leaves of shrubs and trees. These 
tannin concentrations could decrease protein digestibility. 
Other antinutritional factors (dew, toxins, oxalate) have 
also been reported to decrease the value of tropical forages 
(Denis et al., 1979; Leng, 1984; 1990). High concentrations 
of oxalate in tropical pasture decrease calcium availability 
to the animal (Leng, 1984). With the first rains, a rapid 
development of dew on dry forages reduces pasture DM intake 
and deteriorates their quality (Denis et al., 1979; Leng, 
1984) . 
Energy value of pastures 
Tropical pastures are grown at high temperatures and 
mature rapidly. Consequently, they contain higher amounts 
of cell wall and lignin and lower amounts of soluble sugars 
compared with temperate forage. The high lignin content 
inhibits forage digestion by preventing physical attachment 
of rumen microorganisms to cell wall or by inhibiting 
enzymes attack of cell wall linkages (Morris, 1984). High 
cell wall content increases the rumen fill and reduces the 
rate of passage of the digesta, and consequently, reduces 
forage intake by animals. 
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Leng (1990) defined low quality forages as those having 
less than 55% TON (total digestible nutrient), 8% CP, and 
100 g of starch and soluble sugars per kg of forage dry 
matter (DM). From 312 samples of tropical forages 
Butterworth (1967) obtained an average of 54.0% TON, and 53% 
of the samples had less than 55% TDN. Gohl (1975) obtained 
an average of 56.9% TDN with 43.5% samples below 55% TDN 
from 271 tropical forages. These analyses indicate that the 
majority of tropical forages are classified as having low 
nutritive values. But chemical analyses are not good 
predictors of forage utilization by the animals. Animal 
experiments are the most effective way to evaluate the 
forage nutritive values. 
Improving the nutritive value of forages 
To correct for the low protein or nitrogen (N) content 
of tropical pastures, 3 methods have been used: application 
of N fertilizer to the land, addition of legumes to the 
mixture of forages, and protein supplementation to animals. 
Although fertilizer applications have been shown to 
increase N content of forage, enhanced DM intake and weight 
gain of grazing animals (Minson, 1971; Rippstein, 1980; 
Paladines, 1984), the cost actually limits its use in 
tropical Africa. The introduction of legumes requires 
fertilizers, more labor for land preparation, weeding and 
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fencing. Most importantly, legumes establishment requires 
that producers own the pastures. Survival of legumes during 
the dry season when needed the most is also a source of 
concern. Efforts have been made by agronomists in selecting 
drought resistant species. Despite these limitations, 
introduction of legumes has more promise, because of its N 
fixation ability in the improvement and maintenance of soil 
fertility. Pending selection and adaptation of new legumes 
to improve pastures, supplementation of animals with protein 
meals, seems to be the immediate remedy to low N content of 
forages during the dry season in tropical Africa. 
Protein supplementation on ruminants productivity 
Effects on forage intake and animal performance 
Low intake of poor quality forage is usually attributed 
to a level of N which is too low for the microbial 
population to maximize rumen fermentation, and also to the 
lack of escaped amino acids (AA) for absorption in the small 
intestine. The purpose of any supplementation is to correct 
nutritional deficiencies of the basal diet, to maintain or 
increase its intake, to have an efficient digestive system 
and metabolism in the animal, and improve production 
(Kempton, 1982; Leng, 1990/ Cronje, 1990). However, there 
are debates whether N or protein supplementation increases 
forage intake and its utilization by the animal. Kempton 
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and Leng (1979) supplemented a basal diet of oat-hulls and 
solka floe fed to lambs with urea, casein or urea plus 
casein and obtained an average of 27% increase in forage dry 
matter (DM) intake. Intake of forage supplemented with urea 
plus casein was 60% above that of the control. At the same 
time, weight loss was 40 g/d on the basal diet, and weight 
gain with supplements averaged 56 g/d with urea, and 112 g/d 
with urea plus casein supplement. They concluded that the 
major effect of supplementation was to increase organic 
matter (OM) intake. 
In a similar study with steers, Redman et al. (1980) 
also obtained 23% increase in oaten chaff DM intake and two 
times faster growth rate with urea and casein supplements 
compared with the control. On the contrary, Sriskandarajah 
and Kellaway (1982) did not obtain an increase in DM intake 
of straw treated with urea when steers received 500 g of 
supplemental CSM per day. The lack of response was 
attributed to higher amount of readily available N from urea 
for rumen microbes which was no longer the limiting factor 
of intake. However, animals gained weight with additional 
CSM, while those on the basal diet lost weight. Greater 
responses in intake and weight gain were obtained when straw 
was treated with alkali, suggesting that additional gain was 
due to energy contribution from the digestible carbohydrate. 
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McLennan et al. (1989) did not obtain significant 
increases in hay OM intake by steers supplemented with urea-
molasses or urea-molasses and protein, compared with control 
steers. However, weight gain tended to be greater with 
increased amounts of N, and significantly greater when 
protein was added to the urea-molasses supplement. 
Generally, maximum improvement occurs with animals on very 
low quality forages. Supplementation in such situations 
corrects the CP deficiency, allowing increased microbial 
activity in the rumen, and consequently, improving intake. 
When N is no longer limiting in the rumen, protein 
supplement may increase, decrease or have no effect on 
intake of the basal diet. Its effectiveness is confounded 
with its energy value (Siebert and Hunter, 1982). 
Protein supplement also may improve animal performance 
by providing branched chain fatty acids (BCFA) that are 
incorporated into cellular lipids and branched chain amino 
acids of some rumen microbes. Deficiency of BCFA can cause 
energy uncoupling during which fermentation continues to 
produce ATP which is no longer used for microbial protein 
synthesis, therefore decreasing the efficiency of feed 
utilization (Owens et al., 1984). 
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Effects on reproductive efficiency of ruminants 
Protein or urea supplementation has been indicated to 
improve reproduction in breeding herds (Sparke and Lamond, 
1968; Holroyd et al., 1977; Lee et al., 1985; Hennessy and 
Williamson, 1988). Lee et al. (1985) reported an increase 
in forage DM intake, an improvement in body condition of 
cows and greater growth rate of suckling calves when cows 
received graded levels of protein supplements. Hennessy and 
Williamson (1988) in a 5-year study, noted that heifers 
supplemented with protein meals were 60 kg heavier, calved a 
year earlier, and maintained an average calving rate of 85% 
compared with 48% for the control. Their calves also 
registered a 45% faster growth compared with the control. 
Animal responses to cottonseed meal supplementation 
There are conflicting reports on the effects of 
cottonseed meal (CSM) supplementation on cattle performance 
and utilization of forage. Intake of low quality pastures 
has been increased with small amounts of cottonseed meal 
supplements (Hunter and Siebert, 1980; Hennessy et al., 
1983; Lee et al., 1985; McCollum and Galyean, 1985; Krysl et 
al., 1987). Pasture intake was increased 38% when steers 
received 400 g of CSM per animal daily (Hunter and Siebert, 
1980). Judkins et al. (1987) noted a greater weight gain 
with grazing steers receiving CSM or alfalfa hay supplement 
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compared with the control. The digesta rate of passage and 
the rumen fluid dilution rate and volume were not affected 
by supplementation. Molar proportion of acetate was lower 
in rumen fluid of steers fed alfalfa hay supplement, 
intermediate when fed CSM, and higher with the control. 
Propionate followed the reverse trend. McCollum and Galyean 
(1985) also reported similar trend in acetate production in 
the rumen of steers supplemented with CSM. However, the 
rate of passage of the digesta was faster and its total mean 
retention time in the gastro-intestinal tract shorter with 
CSM supplement compared with hay alone. 
Although Krysl et al. (1987) obtained an increase in 
hay intake with CSM supplement, they did not notice a 
difference in ruminai fermentation, rate of passage rate and 
total mean retention time of the digesta compared with the 
unsupplemented steers. Caton et al. (1988) reported no 
improvement in hay DM intake or in situ DM and NDF 
degradation with CSM supplement to sheep; however, in vivo 
DM and NDF were increased by supplementation. 
Enhanced DM intake with CSM supplementation is usually 
mediated by faster rate of passage of the digesta (McCollum 
and Galyean, 1985; Krysl et al., 1987), while faster gain is 
associated with greater propionate production in the rumen, 
more microbial protein production, and by the contribution 
of amino acids from escaped protein in the small intestine 
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for absorption. The increase in propionate production with 
protein supplementation is inversely related to methane 
production (Owens et al., 1984), and could explain some 
improvement in efficiency of feed utilization by 
supplemented animals. 
Interactions of protein and energy supplementation 
Protein is generally deficient in forage during the 
first part of the dry season, whereas protein and energy are 
both limited during the later phase of the dry season. In a 
study to determine the nutrient concentrations in natural 
ranges in Kenya, Coppock et al. (1986) reported that energy 
was the most limiting nutrient and that protein was 
insufficient to meet maintenance requirement. Evaluating 
the effect of protein and energy on pasture utilization by 
steers, DelCurto et al. (1990) observed an improvement in 
forage DM intake and utilization with protein 
supplementation. However, supplementing energy without 
adequate protein depressed DM intake and digestibility. 
They also noted that NDF digestibility was depressed with 
either protein or energy supplementation. In the same line, 
Hennessy et al. (1981) observed a significantly faster 
growth rate of steers receiving a mixture of CSM and fish 
meal supplement compared with a sorghum supplement or the 
control during the dry season. This advantage was 
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maintained during 2 consecutive years. The authors 
concluded that supplementation with protein provided more 
escaped essential AA which might have increased pasture 
intake. 
Cronje and Weites (1990) supplemented a basal diet of 
straw and urea with incremental levels of CSM or corn. 
Straw intake was increased by CSM and depressed by corn. 
Growth rate was improved by both supplements, but twice as 
much with CSM compared with corn. The response to protein 
supplementation depends on the energy content of the diet. 
Energy utilization by Zebu cattle in the tropics 
Zebu cattle need the same nutrients for maintenance and 
production as do temperate breeds; however, the difference 
lies only in the quantities required. The major nutrients 
absorbed from the gut are acetate, propionate, butyrate, 
amino acids and glucose. Forage diets provide more acetate 
which is used as an energy source by the ruminants. Very 
little propionate, and consequently, little glucose is 
produced in animals fed forage diets compared to those fed 
concentrate diets. Furthermore, when the quantity of 
soluble carbohydrates that provide immediate energy sources 
to the rumen microbial population is limited in the forage 
diets, their efficiency in forage digestion will be low. 
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To date, nutrient requirements of tropical cattle have 
not been adequately described. Their requirements are 
usually estimated from NRC, ARC or other European tables 
(Boudet and Riviere, 1968; Kearl, 1983; King, 1983; Mosi and 
Butterworth, 1985; Ridder and Wagenaar, 1986) . Nutrient 
requirements from these tables were estimated using Bos 
taurus maintained in thermoneutral environments, fed rations 
at maintenance levels. Furthermore, Bos taurus have been 
developed for higher productivity (higher feed intake, 
faster weight gain, early maturity and higher fertility 
rate). Meanwhile, Bos indicus was adapted in areas where 
forage quality and quantity fluctuate considerably, and 
limit their productivity. Therefore, nutrient requirements 
may differ in quantity between the 2 species of cattle. It 
was also reported that cattle used in feeding and 
digestibility studies in the tropics are usually older; 
therefore, their efficiency for growth might be lower 
(Preston et al., 1969). Hence, the direct use of NRC or ARC 
tables to calculate nutrient requirements of tropical cattle 
can be misleading. 
The estimation of the energy requirement of Zebu cattle 
grazing low quality tropical pastures need to consider 
several factors such as heat stresses (high humidity and 
temperatures), energy spent on walking in search of forage 
and water (which depends on the distance and the speed) and 
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forage density. The contribution of energy from body tissue 
loss becomes an important factor when forage intake no 
longer meets maintenance energy needs. Furthermore, in 
contrast to temperate breeds, tropical cattle have the 
ability to sustain long periods of underfeeding through a 
decreased fasting metabolic rate (King, 1983) or an 
improved efficiency of feed conversion (Ledger and Sayers, 
1977). During periods of lower feed and water intakes, in 
order to conserve energy, they allow their body temperature 
to fall at night and to rise during the day by regulating 
sweating rate (King, 1983). 
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ABSTRACT 
A 2-period grazing experiment was designed to determine 
the effects of cottonseed meal (CSM) supplementation on 
forage intake (FDMI), forage digestibility (FDMD) and weight 
gain (ADG) of steers on a natural pasture during 120 d in 
the dry season and the residual effects when pasture 
regenerate during 120 d in the rainy season. Thirty steers 
(229 kg and 2.6 years) were randomly assigned to a complete 
block design of 3 treatments (0, .5 and 1.0 kg of CSM per 
steer per day). After hand-feeding CSM to individual steers 
in the mornings, all were allowed to free graze a pasture 
dominated by Andropogon spp. Every month, 2 steers per 
treatment were placed into digestion crates and fed ad lib. 
hand-clipped forage of similar botanical composition as that 
grazed by the remaining steers. Chromium mordanted fiber 
(50 g containing 2.4 g of Cr) was used to measure the rate 
of passage of digesta (k^) . Feeding CSM increased kj by 3 0%. 
When .5 kg of CSM was fed, FDMI was increased 16%. No 
effect on FDMI was obtained with 1.0 kg of CSM. Average 
daily gain was increased (P=.03) from .10 kg for the control 
to .27 kg for steers fed either .5 or 1.0 kg of CSM. Cell 
wall (neutral and acid detergent fibers) digestibility and 
FDMD tended to be depressed by 1.0 kg of CSM. Crude protein 
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absorbed (CPA) was increased by both levels of CSM 
(P<.0001). During the rainy season, ADG was not affected by 
previous dry season supplementation (.41, .43 and .39 kg 
respectively for the control steers and those fed .5 and 1.0 
kg CSM). Dry season supplementation increased k; (P=.02), 
and FDMI (P=.03) during the rainy season, but had no affect 
on FDMD, CPA, or cell wall digestibility. During the 8-
month period, ADG was increased (P=.06) with CSM supplement 
(.26, .35 and .33 kg for the control and steers fed .5 and 
1.0 kg CSM). Data from this study suggest that a limited 
amount of CSM can increase digesta rate of passage, forage 
intake and weight gain of steers during the dry season and 
that improvement can be maintained during the rainy season. 
Key words: Supplementation, Pasture, Zebu steers. 
Cottonseed meal, Sub-Sahara. 
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INTRODUCTION 
The low intake and depressed digestibility of tropical 
forage during dry periods have been attributed not only to 
their high cell wall content but especially to their low 
crude protein (Minson, 1971; Plot, 1975; Hunter and Siebert, 
1980; Allden, 1981; Mannetje, 1984; Butterworth, 1985; 
Cronje, 1990). When a forage diet can not supply enough 
nitrogen (N) and branched chain amino acids to rumen 
microbes for their biosynthesis and forage cell wall 
digestion, the animal will be energy deficient, and its 
growth impaired. 
Previous studies have indicated that protein 
supplementation of ruminants increased low quality forage 
intake (Hunter and Siebert, 1980; Hennessy et al., 1983; Lee 
et al., 1985; McCollum and Galyean, 1985; Krysl et al., 
1987) . Hunter and Seibert (1980) obtained an increase in 
forage intake by steers on spear grass of 27.5% and 37.7% 
with urea-sulfur and cottonseed meal (CSM) supplements, 
respectively. McCollum and Galyean (1985) reported an 
increase in prairie hay intake, a faster rate of passage and 
a shorter total mean retention time of the digesta with 
steers supplemented with CSM compared with the control. 
Although they observed an increase in prairie hay intake, 
Krysl et al. (1987) did not report a difference in the 
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passage rate and total mean retention time of the digesta 
when sheep received CSM supplement. Protein supplementation 
has also been reported to improve weight gain. Judkins et 
al. (1987) noted a greater weight gain with grazing steers 
receiving CSM or alfalfa supplement compared with the 
control; but estimates of the digesta passage rates were not 
affected by supplementation. The improvement in feed intake 
obtained with CSM supplementation is usually a result of 
faster rate of passage of the digesta (McCollum and Galyean, 
1985; Krysl et al., 1987), while faster gain is associated, 
with greater escaped protein reaching the small intestine. 
Oil meals (CSM, peanut meal and palm kernel meal) are 
produced in large amounts in tropical Africa. They have 
been used as sources of supplemental protein for grazing 
cattle. Several studies (Lhoste et al., 1975; Piot, 1975; 
Rippstein, 1980) reported weight gain when feeding 1.0 kg of 
CSM to steers daily, whereas the unsupplemented steers lost 
weight during the dry season. However, it was not clear 
whether the increased weight gain was due to the increased 
consumption of pasture or its digestibility, to the effects 
of protein or energy content of CSM supplement. The 
objectives of this study were to determine the effects of 
different levels of CSM supplementation on forage intake, on 
forage in vivo and in situ digestibilities, on digesta rate 
of passage and on the weight gain of steers grazing a 
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natural pasture during the dry season. The subsequent 
effects of CSM supplementation on steers during the rainy 
season were also estimated. 
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MATERIAL AMD METHODS 
Study area 
The study was conducted in a Soudano-Sahelian zone, at 
the Animal Research Institute, Garoua Station, in Northern 
Cameroon. The latitude is 9.3° N and the average elevation 
400 m above the sea level. The average rainfall is 993 mm. 
Its distribution and the average temperatures are presented 
in Figure 1. A 6-year average indicates that 50% of the 
rainfall occurs in July and August. The variation in 
temperature throughout the year is minimal. The year can be 
divided into 3 seasons: dry and hot from February until May, 
wet and mild from June until September, and dry and cold 
from October until January. The climate during the study 
year was characterized by earlier and heavier rains (3 weeks 
earlier and 135 mm above annual average). 
The pasture was a natural free range of predominantly 
perennial grasses such as Andropogon gayanus, Hyparrhenia 
rufa, Cynodon dactylon, Spermacoa stachydsa, Jardinia 
congoensis, and Heteropogon contortus. Other common annual 
grasses were Loudetia togoensis, Pennisetum pedicellatum, 
Tephrosia bracteolata, Eragotris tremula, and Bracharia spp. 
Shrubs and trees contributed important biomass to the cattle 
diet, especially during the dry season and the most common 
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Figure 1: Average rainfall and temperature 
of Garoua, Cameroon 
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were Daniellia oliveri, Afzelia africana, Prosopis africana. 
Ficus spp.f Grewia spp.. Stereospermum knnthianum, 
Crossopterix febrifuga, and Vitex simplex. 
Forage selection by grazing steers 
The botanical composition of the forage selected by 
steers on natural pastures was determined according to 
Guerin et al. (1988) prior to the first in vivo digestion 
study. This assessment was repeated every 2 months during 
the grazing study. Four steers were selected at random and 
were followed during periods of intensive grazing (8:00 am 
to 12:00 noon) for 2 consecutive days. The grazing behavior 
of each steer was observed for 15 min. The plant species, 
parts and vegetative state selected by steers were 
registered. These determinations were used in the hand-
harvesting of forage fed to steers in crates during in vivo 
digestion studies. 
Animals 
Fifty Zebu steers and bullocks (White Fulani breed) 
were bought from cattle markets around Garoua a month prior 
to the beginning of the supplementation. All were 
castrated, ear-tagged and tested for tuberculosis, 
brucellosis, and trypanosomiasis. Out of those which tested 
negative, 30 were selected on the basis of a narrow weight 
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range and age (age determined on the basis of the number of 
mature incisors teeth), then randomly assigned to one of the 
three treatments. The average live weight of steers was 229 
kg and the age was 2.6 years (2 to 4 incisors teeth 
corresponding to 2 to 3 years). They were dewormed with 
Vadephen* to remove internal parasites, and sprayed with 
Ectopor* for external parasites (ticks and lice). The 
animals were treated for external parasites monthly during 
the dry season and twice monthly during the rainy season. 
Internal parasite control was repeated only at the beginning 
of the rainy season. Single injections of vitamins A, D3 
and E complex (Vitaveto") and a trypanomicid (Trypamidium*) 
were given to animals prior to the start of supplementation. 
Animals were weighed once a month in the morning before 
supplementation, grazing and watering. 
Protein supplementation in the dry season 
Steers were blocked in 10 groups of 3, based on age and 
overnight fasted weight, then allotted to one of the 3 
treatment groups; 0 or control, .5 kg and 1.0 kg of CSM per 
^Mention of trade name or proprietary product does not 
constitute a guarantee or warranty of the product by Iowa 
State University or the Cameroon Institute of Animal and 
Veterinary Research, nor imply its approval to the exclusion 
of other products that may be suitable. 
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head daily. In a large pen, steers to receive supplement 
were tethered every morning to a wood bar 50 cm off the 
ground. Cottonseed meal supplementation (Composition: 95.8% 
DM, 40.8% CP, 14.6% NDF and 13.1% ADF, made of 95% CSM, 3.5% 
salt, 1.0% limestone and .5% mineral and vitamin premix) was 
individually fed at the specific amount in plastic dishes at 
8:00 am every day, from February 1 to May 31. After 
consumption of the supplement which lasted an average of 15 
min, all animals were put to graze together on natural 
pasture until 5.00 pm. They were brought to the water point 
once a day at 12.00 where they drank ad lib. Mineral blocks 
(55% bone meal, 40% salt, 4% mineral and vitamin premix and 
1% cement) were available to all animals in the sleeping 
paddocks. 
Because supplemented animals were individually fed, and 
all grazed the same pasture, individual animals were 
considered to be the experimental unit in this study. Data 
were analyzed as a complete block design, using the general 
linear model (SAS, 1990). Sources of variations included 
period, treatment, block and the remainder as error term. 
Treatment effects were tested by contrast comparisons 
(Cochran and Cox, 1957). 
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Forage utilization by steers 
The effects of CSM supplementation in the dry season on 
forage intake, and digestibility by steers were estimated 
each month from February till September. During the last 12 
days of each month, 6 steers, 2 from each treatment chosen 
at random, were brought into individual digestion crates 
made of wood and placed under an open-sided shed. Each 
period consisted of 6 d adaptation and 6 d collection. The 
adaptation period in the digestion crates was reduced to 6 d 
because the diet and the management of the steers were 
similar to those on pasture, and therefore, they needed 
shorter adjustment time. Forage was hand-harvested daily 
from the pasture being grazed by the remaining steers. Its 
composition was as representative as possible to that 
consumed by grazing steers. Steers from supplemental 
treatments continued to receive their respective amounts of 
CSM. Water was offered once a day and all animals were 
allowed to drink to satiety. Forage intake was measured 
daily, in the mornings, before the next feeding. To allow 
sorting and selection as usually done by grazing cattle, 
forage was offered 30 to 50% more than previous consumption, 
in 3 to 4 fractions from 8:15 am till 4:00 pm. Total feces 
from each animal was collected twice a day and orts were 
collected once a day, in the morning before feeding CSM. 
Forage was sampled 3 times per collection period. Ten per 
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cent of feces and orts collected were sampled and frozen. 
Daily samples from each steer were mixed together to obtain 
one sample per steer per period. Feces, orts and forage 
samples were dried at 60 °C for 48 h, ground to pass 2 mm 
screen, and saved for further analyses. At the end of the 
collection period, all steers were put back with the 
remaining herd and taken to the monthly weighing. 
Nitrogen was analyzed by Kjeldahl technique (AOAC, 
1984) . Neutral detergent fiber (NDF) and acid detergent 
fiber (ADF) were analyzed by sequential method of Goering 
and Van Soest (1970). 
The digesta kinetics were measured using chromium (Cr) 
mordanted fiber (Uden et al., 1980). Forage was boiled with 
a commercial detergent (Elephant") in a large pot, then 
thoroughly washed and rinsed with hot water and acetone to 
remove all the soluble material. The NDF recovered was 
dried and mordanted to obtain a marker having a 4.86% Cr. 
In the morning of the first day of the collection period, 
before feeding, 50 g of Cr mordanted fiber (containing 2.43 
g Cr) was mixed with forage and fed to each steer. Fecal 
samples for the analysis of the marker were collected and 
frozen at 4, 8, 12, 18, 24, 36, 48, 60, 72, 96, 120 and 144 
h post-feeding. They were dried at 60 °C for 48 h, and 
ground to pass a 1 mm screen. The study was repeated each 
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month, from April until September. Chromium concentration 
in fecal samples was determined in triplicates according to 
Williams et al. (1962). 
Digesta passage kinetics were determined by nonlinear 
regression analyses (SAS, 1990) of a two compartment model 
(Pond et al., 1984). No period x treatment interaction was 
noted for digestibility or digesta passage kinetics 
parameters, so values were averaged over the 4 months of the 
dry season and the 4 months of the rainy season. Kinetics 
parameters were analyzed by general linear model procedure 
(SAS, 1990) and treatment effects were tested by contrast 
comparisons (Cochran and Cox, 1957). 
In situ digestion trial 
The effects of CSM supplementation on forage DM and 
cell wall degradation were estimated using 2 rumen 
fistulated steers (Zebu White Fulani, weighing 412 and 525 
kg) during 2 periods. During the first period, one steer 
was fed a forage diet and the other was on the forage and 
1.0 kg of CSM supplement a day. Forage fed during the 
incubation period was limited to 90% of the intake during 
the adaptation period which lasted for 14 days. During the 
second period, the supplement was switched to the other 
steer so that both ate the same diets. Triplicate samples 
of 3 g of forage were weighed into Dacron bags (10 x 10 cm 
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internal dimensions), 46 micron pore size. Prior to 
incubation, all bags were washed with water until the water 
became clear. Bags were incubated in the rumen for 4, 8, 
12, 18, 24, 48 and 72 h. Then they were removed and washed 
until the water became clear, frozen overnight, and washed 
again to remove attached rumen microorganisms (Dehority and 
Grubb, 1980) . Bags were dried at 60 °C for 48 h and the 
residual DM content measured. The ADF was determined in DM 
residues according to Goering and Van Soest (1970). 
Estimates of kinetic parameters associated with DM and ADF 
degradations were obtained by regression of the natural 
logarithms (SAS, 1990) of the remaining residues over time 
for data between 4 and 72 h (Mathers and Miller, 1981). 
Parameters of the digestion model were analyzed as a 
complete block design with steer as a block, using the 
general linear model (SAS, 1990) and difference was tested 
using the Student t-test (Cochran and Cox, 1957) . 
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RESULTS AND DISCUSSION 
Forage selection by grazing steers 
The average DM, crude protein, and ADF contents of the 
mixed forage diet consumed by steers is presented in 
Figure 2. During the dry season, shrubs and trees were 
frequently browsed by steers. However, despite their 
contribution to the total dry matter intake (DMI), the crude 
protein (CP) content of the forage diet was still low during 
the dry season (February-April). As total rainfall 
increased above 100 mm in May, there was a rapid pasture 
regrowth and a rise in CP content. There was a decrease in 
ADF content and an increase in DM digestibility and in 
moisture content of forage selected by steers. During the 
rest of the rainy season, forage selection by steers was 
limited to grass because of its relatively good quality. 
Effects of CSM supplementation during the dry season 
Forage intake and digestibility 
During the course of the study, there was no refusal of 
CSM at either level of supplementation. All the supplement 
was usually consumed within 15 min. The 4 in vivo 
digestibility studies conducted during that period are 
summarized in Table 1. Forage DMI by steers was increased 
16% by .5 kg of CSM (P=.05), but 1.0 kg had no effect. 
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Figure 2: Average CP, ADF, DM and DMD of forage diets 
of grazing steers during the study 
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Feeding CSM tended to decrease forage DM digestibility 
(P=.09). This depression was greater (P=.05) when 1.0 kg of 
CSM was fed compared with feeding .5 kg. On metabolic 
weight basis (MBW), forage DMI was not affected by CSM 
supplementation. Feeding CSM increased total DMI (P=.02) 
Table 1. Effects of cottonseed meal supplementation on 
forage intake, digestibility and fiber utilization 
by steers on pasture during the dry season 
CSM, k/d 0 
• 
5 1. 0  S.E. ' 
Forage DMI, kg 3. 0® 3. 5 b  3 . 0 ®  .16 
DMD^, % 59® 58® 49b 3.3 
DMI^, g/W" 58 60 54 3.3 
DDMl", g/W" 35® 35® 21^ 3.3 
Total DMI, g/W" 58® C
O vo 72^ 3.4 
DDMI, g/w'^ 35 42 42 3.4 
CPl\ g 146® 354b 550° 7.0 
Digestible CPI, g 70® 240^ 380= 9.0 
NDFI, kg 1. 95 2. 30 2.10 . 11 
NDFD, % 69 67 61 3.1 
ADFI, kg 1. w
 
o
 
p 1. 
in 
1.42® .07 
ADFD, % 61 60 57 3.3 
' Standard error of least square means (n = 8). 
^ Dry matter digestibility. 
^ Dry matter intake. 
'' Digestible dry matter intake. 
^ Crude protein (N x 6.25) intake. 
Row means with different superscripts differ (P<.05). 
38 
and tended to increase total DDMI (P=.10). However, total 
DDMI was similar for the two supplemented groups. Total CPI 
and digestible CP were enhanced (P=.0001) by CSM 
supplementation. Cell wall intake tended to be increased 
with supplementation (P=.07 for NDF and P=.04 for ADF), but 
its digestibility tended to be depressed when 1.0 of CSM was 
fed compared with feeding .5 kg or none. 
The depression in the digestibility of the forage DM 
and cell wall with feeding 1.0 kg of CSM was probably due to 
a change in rumen microbial population. When fed at .5 
kg/d, CSM supplement represented only 12.1% of the total DMI 
and at 1.0 kg/d, it was 24.4%. At this high level, CSM 
might have decreased the rumen pH and therefore, depressed 
the cellulolytic microbial population, in favor of the 
proteolytic and amylolytic populations. 
Several studies have indicated that protein 
supplementation improved forage DMI. Hunter and Seibert 
(1980) observed a 37.7% Increase in spear grass consumption 
without any depression in DM digestibility when steers were 
supplemented with 400 g of CSM. Redman et al. (1980) 
obtained a 23% increase in roughage DMI when steers received 
urea or casein supplements compared with the control. 
DelCurto et al. (1990) also reported an increase in forage 
intake and digestibility by steers when fed moderate amounts 
of protein supplements; but higher amounts had no effect. 
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In our study, forage DMI increased with .5 kg of CSM 
supplement and was not affected when the amount was 
increased to 1.0 kg daily. Instead, forage DM and cell wall 
digestibilities were depressed with 1.0 kg of CSM. Our 
results agree with those of Mullins et al. (1984) who 
reported a 60% increase in forage intake by steers when 30 g 
of N as urea supplement was fed and 19% further increase 
when 30 g of N as urea and 37 g of N as formaldehyde CSM 
supplement were fed. However, when they increased the 
supplement to 60 g N as urea, 30 g N as soybean meal and 400 
g of corn, there was no additional improvements in forage 
DMI. This tends to indicate that higher amounts of protein 
supplements could replace part of forage intake by animals, 
because of physical limitations of the digestive tract to 
handle larger amounts of DM. Crabtree and Williams (1971) 
reported that protein supplementation of low quality forages 
is either a synergistic effect when fed at a moderate level, 
or a substitution effect when fed at above 25% of total DM 
intake. Ideally, the purpose of a supplement is to correct 
nutrient deficiencies and to maintain or increase the DMI 
and utilization of the basal diet (Kempton, 1982). If 
feeding 1.0 kg of CSM would not increase forage DMI, but 
would instead decrease its digestibility, then .5 kg of CSM 
should be the appropriate amount to stimulate DMI and 
utilization by steers grazing low quality pastures. 
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Forage digesta passage kinetics 
The effects of CSM supplementation on the digesta 
passage kinetics are summarized in Table 2. The time for 
the first appearance of marker in feces (Tau), the rate 
constant for mixing of marker (kj and the gastrointestinal 
fill were not affected by CSM supplementation. The ruminai 
rate of passage of the digesta was 30% faster when CSM at 
either level was fed to steers compared with the control and 
this was associated with a higher total DMI. However, 
because of a large standard error, the difference was not 
statistically significant (P=.24) among treatments. Judkins 
et al. (1987), Krysl et al. (1987) and Caton et al. (1988) 
Table 2. Effect of cottonseed meal supplementation on 
digesta passage kinetics in Zebu steers during the 
dry season 
CSM, kg/d 0 .5 
0
 
H
 S.E. ' 
K,2, %/h 7.5 6.6 8 . 0  .64 
%/h 1.2 1.5 1. 6  .23 
Tau^, h 12.0 9.0 1 0 . 0  1.55 
Gut fill, g/kg Body Wt 20 17 19 1.6 
TMRT^, h 120* 104b lOOb 6.0 
' Standard error of least square means (n = 4). 
^ Rate of mixing of marker in the digestive tract. 
^ Rate of passage of the digesta. 
^ Time to first appearance of marker in feces. 
^ Total mean retention time = Tau + 2/K, + l/K;. 
Row means with different superscripts differ (P<.05). 
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did not obtain a significant effect of CSM supplementation 
on forage digesta rate of passage. 
The total mean retention time of the forage digesta was 
decreased (P=.05) by CSM supplement. The shorter retention 
time of the digesta obtained with 1.0 kg of CSM might have 
reduced the exposure time of forage to rumen microbial 
action, explaining the decrease observed in its DM 
digestibility to 49.1% compared with 59.3% by the control 
steers. McCollum and Galyean (1985) and Caton et al. (1988) 
also noted a decrease in TMRT, and no effect of CSM on the 
mixing time of marker in the digestive tract. Similarly, 
Hunter and Seibert (1980) also reported a depression in 
forage DM digestibility with protein supplementation and 
associated that to the decrease in retention time of the 
digesta in the rumen. 
Growth performance 
The effect of CSM supplementation during the dry season 
on performance of steers is presented in Table 3. The 
average daily gain was significantly improved (P=.03) by 
CSM supplementation. However, this was not affected by the 
level of supplement. 
Total DDMI and weight gain were similar at either level 
of CSM, and this agrees with a report by Kempton (1982) that 
weight gain is related to total digestible nutrient intake. 
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Table 3. Effects of cottonseed meal supplementation on 
growth of Zebu steers on pasture during the dry 
season 
CSM, kg/d 0 .5 1.0 S.E.' 
Number of animals 10 10 9 
Age, year 2.7 2.5 2.6 .17 
Initial wt, kg 229 226 229 2.0 
Duration, day 120 120 120 
Final wt, kg 241® 258*' 261^ 7.0 
ADG, kg . 10" .27b to
 
o
r 
. 06 
' Standard error of least square means. 
^ Row means with different superscripts differ (P<.05). 
This tends to suggest that additional CSM above .5 kg daily 
was used as a highly digestible supplement that was 
substituted for part of the forage, to bring about similar 
total DDMI and consequently weight gain compared with .5 kg 
of CSM supplement. 
The beneficial effect of CSM supplementation on live 
weight change was more appreciable during the first 3 months 
(February - April) of the dry season. During that period, 
the control steers were losing 80 g daily, whereas those 
receiving .5 and 1.0 kg of CSM supplement were gaining 130 
and 200 g daily respectively (Figure 3). However, as rains 
came 3 weeks earlier and were heavier than usual, pasture 
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Figure 3: Effect of CSM supplementation during the dry 
season on weight gain of steers grazing a natural 
pasture 
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regeneration was faster and this allowed a rapid weight gain 
during the final month of supplementation by animals in all 
treatments. Judkins et al. (1987) also reported that 
heifers supplemented with CSM were gaining weight while the 
control were losing weight on blue grama rangelands. 
Residual effects of CSM on the performance 
of steers during the rainy season 
Forage intake and digestibility 
At the end of the supplementation period in May, all 
animals were maintained on pasture during the remainder of 
the study. The 4 in vivo digestibility studies to estimate 
residual effects on forage intake and utilization by steers 
are summarized in Table 4. Animals fed CSM during the dry 
season consumed more forage (P=.03) than the control group. 
However, forage DM digestibility was not affected by 
previous CSM supplementation. On MBW basis, there was no 
difference in DMI and DDMI between the control and the 
supplemented groups. However, steers previously fed 1.0 kg 
of CSM supplement had higher DMI (P=.03) and tended to have 
higher DDMI (P=.24) compared with those fed .5 kg. A 
similar trend was noted for CPI (P=.04), NDFI (P=.03) and 
ADFI (P=.02), but their digestibilities were not affected by 
previous dry season supplemental treatments. 
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Contrary to the proposal by Allden (1968) and Graham 
and Searle (1975) that animals having gone through some sort 
of feed restriction might eat more during the period of 
realimentation, our results did not indicate such an 
increase in forage DMI. Similarly, the digestibility of 
forage DM and cell wall was not increased by previous 
protein deficiency. This lack of response by the control 
Table 4. Residual effects of cottonseed meal supplementa­
tion on forage intake and utilization by grazing 
steers during the rainy season 
CSM, k/d 0 .5 1.0 S.E. ' 
Forage DMI, kg 4.8* 5.2^ 5.3b .16 
DMD^, % 69 69 67 1.7 
DMl\ g/W" 83*b 80® C
O CO 2.8 
DDMI"*, g/W" 58 56 60 2.6 
Total CPI^, g 307® 330^ 340^ 10.0 
Digestible CPI, g 216 240 234 11.0 
NDFI, kg 3.1® 3.4b 3.5b . 11 
NDFD, % 75 76 72 1.6 
ADFI, kg 2.0® to to c
r 2.2b . 07 
ADFD, % 70 71 67 2.1 
' Standard error of least square means (n = 8). 
^ Dry matter digestibility. 
^ Dry matter intake. 
Digestible dry matter intake. 
^ Crude protein (N x 6.25) intake. 
Row means with different superscripts differ (P<.05). 
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compared with supplemented steers indicates that the 
advantage obtained from supplementing steers during the dry 
season with CSM was maintained during the rainy season. 
Forage digesta passage kinetics during the rainy season 
The forage digesta passage kinetics during the rainy 
season is summarized in Table 5. The rate constant for 
mixing of marker in the digestive tract of steers was not 
affected by previous CSM supplementation. However, steers 
previously fed CSM had a faster rate of passage of the 
digesta (P=.02), a shorter TMRT (P=.05) and a lower 
Table 5. Residual effects of cottonseed meal supple­
mentation on digesta passage kinetics in Zebu 
steers on pasture during the rainy season 
CSM, kg/d 0 .5 
0
 
H
 S.E. ' 
K,2, %/h 10 10 9  
%/h 1.7® 2.4b 2.4b .25 
Tau**, h 12.0 16.0 13.6 1.11 
Gut fill, g/kg Body Wt 20.6* IS.ob 17.oh 1.13 
TMRT\ h 91® 7 7 b  76") 6.0 
' Standard error of least square means (n = 8). 
^ Rate of mixing of marker in the digestive tract. 
^ Rate of passage of the digesta. 
Time to first appearance of marker in feces. 
^ Total mean retention time = Tau + 2/Kl + 1/K2. 
Row means with different superscripts differ (P<.05). 
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gastrointestinal fill (P=.004) compared with the control, 
and these parameters were not affected by previous level of 
supplement. The time to first appearance of the marker in 
feces tended to be longer (P=.06) with previous dry season 
supp1ementation. 
Growth performance 
The growth performance of steers during 4 months 
following CSM supplementation is presented in Table 6. At 
the end of supplementation, there was a significant 
difference in body weight (P=.001) between the supplemented 
steers and the control. During the rest of the rainy season 
the growth rate of steers in all treatments was similar. 
Table 6. Residual effects of cottonseed meal supplemen­
tation in the dry season on the performance of 
Zebu steers on pasture during the rainy season 
CSM, kg/d 0 
• 
5 1. 0 S.E. ' 
Number of animals 10 10 9 
Initial wt, kg 241" 258^ 261'' 7.0 
Final wt, kg 290 309 307 8.0 
ADG, kg .41 • 43 • 39 .03 
ADG in 8 mo.,kg .26 
• 
35 
• 
33 .03 
' Standard error of least square means. 
®'' Row means with different superscripts differ (P<.05). 
48 
However, steers fed CSM during the dry season continued to 
maintain their weight advantage over the control (P=.06). 
These results, even though limited in time, are in agreement 
with other studies (Sparke and Lamond, 1968 and Hennessy and 
Williamson, 1981) which showed that weight gained by 
supplemented cattle during the dry season was kept for 
several years. Sparke and Lamond (1968) reported a 
continuous faster growth rate of heifers for two consecutive 
years after the dry season supplementation with linseed 
meal. Hennessy and Williamson (1981) also observed a faster 
growth rate of steers fed a mixture of CSM, meat and fish 
meals than those fed sorghum supplement or the control, and 
the advantage was maintained during 2 consecutive years. 
Effects of CSM on in situ digestion of forage DM and ADF 
The in situ data (Table 7) indicate that CSM 
supplementation tended to increase the extent of forage DM 
degradation until 48 h, but did not affect the rate and 
extent of degradation until 72 h of incubation in the rumen. 
However, the rate and extent of forage cell wall degradation 
were depressed (P=.02) by CSM supplement. This result 
disagrees with a report by Ellis (1978) that CSM 
supplementation increased the rate of digestion of forage. 
Caton et al. (1988) reported no significant effect of CSM 
supplementation on forage NDF in situ degradation in steers. 
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Table 7. Influence of cottonseed meal supplementation on 
in situ rate and extent of degradation of forage 
DM and cell wall by Zebu steers 
% DM REMAINED % ADF REMAINED 
Diets FORAGE FORAGE+CSM® FORAGE FORAGE+CSM 
Time, h 
0 82.5 82.5 97.5 97.5 
4 81.0 80.7 94.2 79.3 
8 78.2 76.9 88.5 74.7 
12 77.5 76.0 87.0 83.8 
18 74.5 71.7 84.2 84.0 
24 70.3 66.2 77.3 80.7 
36 61.3 58.4 66.3 71.7 
48 51.7 50.9 58.3 73.2 
72 44.0 44.3 42.3 51.0 
Digestion 
rate, %/h 1.0^ 0.9" 1.2= .6^ 
® Forage fed ad lib. with 1.0 kg of cottonseed meal per day. 
DM or ADF digestion rates with different superscripts 
differ (P<.05). 
The lack of improvement in forage digestion with 1.0 kg of 
CSM supplement indicates that this amount was probably too 
high and might have depressed the cellulolytic microbial 
population in the rumen. The depression in the degradation 
of forage cell wall when feeding 1.0 kg of CSM agrees with 
an earlier result from in vivo digestion which indicated 
that forage cell wall digestion was decreased when 1.0 kg of 
CSM supplement was fed to steers. 
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Supplementing grazing steers with .5 kg of CSM daily 
increased forage DMI without depressing DM and cell wall 
digestibilities. It increased total DMI, decreased TMRT of 
the digesta, and increased weight gain of grazing steers 
during the dry season. When steers were fed 1.0 kg daily, 
CSM supplement did not bring about additional improvements. 
Instead, forage DM and cell wall digestibilities were 
depressed. It seems that above 200 g of CP provided by .5 
kg of CSM supplement, additional protein was no longer 
useful to grazing steers. This tends to agree with Robinson 
and Stewart (1968) who stipulated that tropical cattle were 
more efficient in using low protein diets because they 
evolved from environments with frequent limited protein 
supply in forage. However, the energy content of the forage 
might have been low to support further microbial 
fermentation and biosyntheses that would have made use of 
the additional protein. This indicates that additional 
energy was needed with 1.0 kg of CSM to further increase 
weight gain of grazing steers. Energy content of forage 
could be improved by increasing its DM digestibility with 
alkali treatment or by grinding (Kempton, 1982) . But the 
application of these techniques is difficult in the present 
state of production in Sub-Saharan Africa. 
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Despite the lack of increment in forage intake and 
utilization with high level of CSM supplement, the total 
DDMI, the rate of passage of the digesta, and weight gain 
were similar between the 2 supplemental treatments, probably 
due to the higher digestibility of CSM. Furthermore, the 
growth rate of steers from the 3 treatments during 4 months 
of the rainy season was similar, resulting in the weight 
advantage obtained by supplemented groups during the dry 
season being maintained, so that by the end of the study, 
supplemented steers were 31% heavier than the control. This 
indicates that the control steers did not fully compensate 
for the weight lost during the dry season. If such weight 
advantage could be maintained during successive years, 
supplemented steers would reach mature weight earlier than 
the control. Local Zebu steers usually reach mature body 
weight at 5 to 6 years of age (Njoya et al., 1991). 
Reducing their age at mature weight could reduce the 
pressure of animals on pastures which are being degraded by 
overgrazing. Also, low productivity (age at first calving, 
longer calving interval, higher calf mortality, low 
fertility) resulting from poor feeding in the dry season 
could be increased by limited CSM supplementation. 
Data from this study suggest that protein is a major 
limiting nutrient for growth and forage utilization by Zebu 
cattle on Soudano-Sahelian pastures during the dry season. 
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When the requirement is met with a daily supplement of .5 kg 
of CSM, forage DMI is increased 16% without depressing DM 
and cell wall digestion, the digesta rate of passage is 
enhanced and weight gain is increased. Higher amounts of 
CSM might not further increase weight gain with the type of 
cattle used in our study, probably because of the low energy 
content of forage, which seems to be the next limiting 
nutrient of grazing animals during the dry season. Because 
pasture regeneration can be faster when rains return, 
protein supplementation should be discontinued after 3 weeks 
of regular rains or when cumulative rainfall reaches 100 mm. 
Additional studies are required to evaluate the response of 
grazing Zebu cattle to varying levels of both protein and 
energy, as well as other major and minor nutrients. 
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ABSTRACT 
Using data collected during a long term grazing 
experiment, 8 in vivo and 2 in situ digestion trials and 
information from the literature, a simulation model was 
developed to estimate the energy and protein requirements 
for maintenance and to predict when feed supplements to 
grazing cattle was beneficial. The simulation program was 
written with Lotus 123*. It indicated that during the dry 
season energy from forage seemed adequate, while protein was 
deficient to meet the requirement for maintenance of body 
weight of grazing cattle. Consequently, protein 
supplementation was required to prevent loss of body weight. 
Furthermore, the model indicated that cattle could respond 
to modest amounts of urea (50 to 60 g of urea daily) 
whenever the forage CP was below 10%. The use of the net 
energy (NE) system tended to overestimate daily gain, while 
the metabolizable protein (MP) system underestimated it. 
However, the lowest of the two estimates predicted 
situations when weight gain or loss occurred. Using inputs 
such as forage intake and digestibility, cattle weight and 
the distance and time spent grazing, this simulation model 
can be utilized as a rapid method to estimate the energy and 
protein requirements for maintenance, the periods to provide 
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feed supplements, and to predict performance response of 
grazing cattle in Sub-Saharan environments. More data on 
forage intake and utilization by grazing cattle, and on the 
ruminai protein degradation of major botanical species 
consumed by grazing cattle and feed supplements are 
essential to improve this model. 
Key words: Energy, Protein, Zebu cattle, Simulation, 
Supplements, Pasture, Sub-Sahara. 
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INTRODUCTION 
The energy and protein requirements of tropical cattle 
are usually estimated from NRC, ARC or other European 
feeding tables (Boudet and Riviere, 1968; McDowell, 1985; 
Ridder and Wagenaar, 1986; Hill, 1988; Chamberlain, 1989). 
Data in NRC or ARC tables were obtained with Bos taurus, 
breeds which have been developed to grow at a faster rate on 
high energy diets, and to get to mature body weight at a 
younger age (Kearl, 1983). Meanwhile, in the tropics, the 
fluctuations with seasons and years in the quantity and the 
quality of forage and water have made Bos indiens slow 
growing and drought resistant cattle. Equations developed 
by NRC or ARC may overestimate forage intake and performance 
of tropical cattle on extensive grazing conditions. 
In Sub-Saharan Africa during the 3 to 5 months of the 
rainy season when pastures are available and of relatively 
good quality, animals gain weight. As the dry season 
advances, many water points dry out, pastures are burnt; the 
unburnt patches of grass and the regrowth are scattered such 
that cattle have to walk longer distances to graze and to 
drink. Distances of up to 20 km a day have been reported 
(Dicko et al., 1983). When forage intake can not meet the 
maintenance requirements, cattle must mobilize their body 
reserves of energy, and this results in severe weight loss, 
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reduction in resistance to diseases and delay of the return 
of estrus in females. It also results in poor growth and 
sometimes death of calves. The recent increase in the use 
of draft power in agriculture in Sub-Saharan Africa 
(Ngambeki et al., 1992) requires steers in good condition at 
the beginning of the farming season. Providing feed 
supplements during the dry season becomes essential in order 
to alleviate nutritional constraints on cattle. However, it 
is not yet clear what nutrients to provide to grazing cattle 
and when to supplement in order to improve their condition, 
and consequently, increase their productivity at a minimum 
cost to farmers. 
Due to the complexity of factors affecting cattle 
production in semi-arid Africa, a modelling approach has 
been used to assess the effects of water and pasture 
resources on animal productivity (Sullivan et al., 1981; 
Konandreas and Anderson, 1982; King, 1983). However, 
factors such as supplementary feeds to grazing animals 
during the dry season need further consideration. The 
objective of this study was to put together data from 
available sources and those obtained from grazing trials 
(Njoya and Trenkle, 1992) into a model, using the 
metabolizable protein system (Burroughs et al., 1974, 1975a, 
1975b) and the net energy system (NRC, 1984), to estimate 
the energy and protein requirements for maintenance and 
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predict response to feed supplements of grazing cattle in 
Sub-Saharan environments. The final objective was to 
predict when supplementing energy, protein, or both to 
grazing Zebu cattle may be economically beneficial. 
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METHODS AND MODEL DESCRIPTION 
Data used in the simulation were collected during a 
long term grazing trial (8 months), 8 in vivo digestibility 
trials, and 2 in situ digestion trials as described by Njoya 
and Trenkle (1992), using White Fulani Zebu cattle, a breed 
widely distributed across Central and West Africa (King, 
1983). The effects of 3 levels (0, 0.5, and 1.0 kg per 
steer per day) of cottonseed meal (CSM) supplementation on 
forage intake, digestibility and weight gain of steers 
grazing a poor natural pasture during 4 months of the dry 
season and the residual effects of that supplementation on 
the steers during 4 months of the rainy season were 
estimated with 30 steers (2.6 years, 229 kg). 
Forage intake and digestibility were measured monthly 
by placing 2 steers from each supplemental treatment into 
digestion crates where they were fed hand-harvested forage 
similar to that grazed by the remaining steers on pasture. 
Several reports have indicated that grazing animals consume 
more forage than those in pens (Langlands et al., 1963; 
Graham, 1964; Oyenuga and Olubajo, 1975) and differences can 
range from 10 to 100%. It was assumed in this simulation 
that grazing animals consumed 40% more forage DM than those 
in the crates. Monthly averages of forage quality (dry 
matter, cell walls, crude protein), forage intake and 
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digestibility, weight gain of steers, average temperatures 
and rainfall were recorded. As rains returned in mid-April, 
a month ahead of time, which rapidly improved the quality of 
pasture, hence, nullifying the effect of CSM supplementation 
on the performance of steers in May, the period of dry 
season supplementation was considered in this simulation 
from February to April, and the rainy season from May to 
September. The degradation of the protein of CSM and the 
effects of CSM on forage dry matter (DM) and cell wall (ADF) 
degradation were measured in situ using 2 rumen fistulated 
steers. 
Expected average daily gain of steers was considered as 
the lowest of the estimates by the metabolizable protein 
system (MP) or by the net energy system (NE). The 
simulation program was written with Lotus 123*. 
Energy requirements 
The fasting metabolic rate of mammals at maturity fed 
maintenance rations was reported to be 77 kcal/kg" (Brody, 
1945) . Many other empirical functions to express fasting 
metabolism have been reported in recent years (Blaxter, 
1962; Webster et al., 1974; Graham et al, 1974) indicating 
that fasting metabolism is subject to previous nutrition, 
environmental conditions and growth rate. The fluctuations 
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in forage quality and quantity in the tropics have resulted 
in tropical cattle having a lower fasting metabolic rate 
compared with Bos taurus (Rogerson, 1968; King, 1983) . 
A low fasting metabolic rate in tropical cattle fed 
forage diets is a mechanism of heat stress tolerance. When 
environmental temperatures are high, gut motility decreases, 
and so does the digesta rate of passage, and consequently, 
feed intake and heat increment, resulting in lower 
productivity of cattle. The effects of these factors on 
fasting heat production of tropical cattle have not been 
well described. Frisch and Vercoe (1977) related fasting 
metabolic rate of Brahman crosses fed low quality forages 
and maintained under a partly covered pen as a function of 
weight gain. That equation seemed more appropriate in 
expressing fasting maintenance energy requirement of growing 
cattle under tropical conditions: 
NEm (kj/kg) = (80.30 + 16.34 * ADG) 
and by conversion, 
NEm = (80.30 + 16.34 * ADG)/ 4.185 (1) 
where 
68 
NEm = net energy for maintenance, kcal/kg/d, and 
ADG = average daily gain, kg/d. 
During grazing, steers travel variable distances a day, 
depending on the forage quantity and quality available. 
This is highly dependant on season. The energy of walking 
on a horizontal level (NEw), irrespective of body weight and 
plane of nutrition was estimated on a treadmill by Ribeiro 
et al. (1977) to: 
NEW = 2 j/kg/m 
and by conversion, 
NEW = .48 kcal/kg/km (2) 
The time spent grazing can be considerable when the 
forage biomass is not dense enough for cattle to cut large 
bite sizes. According to Graham (1964) the energy spent by 
sheep harvesting and masticating forage (NEh), irrespective 
of pasture type and grazing behavior was: 
NEh = .54 kcal/kg/d. ( 3 )  
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The total net energy for maintenance (TNEm, kcal/d) can 
be expressed as the sum of fasting metabolism, walking and 
harvesting energy; 
TNEm = NEW + NEh + NEm (4) 
TNEm = (.48*DIST+.54*TIME+(80.3+16.34*ADG)/4.185)*LW 
where 
DIST = distance covered, km/d. 
Time = time spent grazing, h/d, and 
LW = Body weight, kg. 
The energy requirement for growth has not been well 
defined for tropical cattle. However, because they are 
constantly fed forage diets, they are leaner and, 
therefore, require less energy per unit of weight gain. It 
was assumed that they are 5% leaner than large frame bull 
calves and compensating large frame yearling steers. Using 
NRC (1984), 
NEg = .44 * MEg 
LWG = 1.05 * 17.35 * NEg"" * (5) 
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where 
NEg = net energy for gain, Mcal/d. 
MEg = metabolizable energy for gain, Mcal/d, and 
LWG = expected ADG, kg/d. 
Protein requirements 
The metabolizable protein system (MP) based on the 
amino acids (AA) required by body tissues and the supply of 
absorbed AA from undegraded feed protein and rumen microbial 
protein digested in the intestine (Burroughs et al., 1974, 
1975a, 1975b) was used to predict the protein requirements 
for maintenance (MPm, kg/d) and for growth (MPg, kg/d). 
MPm = 12.5 * (70.4 * LW™) (6) 
The MPg is the protein content of tissue and decreases 
as cattle mature, from 15% at 150 kg to 11% at 500 kg LW. 
Because of the leaner nature of tropical cattle, a protein 
content of 15% body tissue was used in the simulation. The 
MP system is based on a biological value of 47% for 
maintenance and gain; therefore, the total metabolizable 
protein requirement (TMP, kg/d) was; 
TMP = (MPm + MPg)/.47 
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Interaction of energy and protein on total 
requirements and on weight gain 
The metabolizable energy balance (MEB) and the 
metabolizable protein balance (MPB) were defined as the 
difference between those available and the maintenance 
requirements. Expected weight gain was obtained as the 
lowest value between predictions by either MPB or MEB. 
MEB = MET - TNEm * (7) 
MPB = TMP - MPm (8) 
where 
kn, = efficiency of utilization of metabolizable energy 
for maintenance, 
If MEB > 0, the extra energy was assumed to be 
converted to weight gain, provided that 
enough MP was available, 
If MEB = 0, the animal was in the state of equilibrium, 
If MEB < 0, the animal would have to mobilize body 
tissue to cover its maintenance energy. 
During this mobilization, nitrogen deaminated must be 
converted into ammonia and urea. Some urea is recycled in 
the rumen and large intestine for microbial proteins 
synthesis and the rest is excreted in the urine. It has 
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been reported (Blaxter, 1962) that dietary protein in excess 
of tissue and microbial requirements decreases the 
efficiency of energy utilization because each g of N 
excreted as urea requires 5.88 kcal. Therefore, the energy 
used to excrete urea N from feed or body origin was: 
EXEN = (EXCCP + .15 * LWL) / 6.25 * 5880 (9) 
where 
EXEN = energy lost to excrete urea N, kcal/d, 
EXCCP = excess crude protein relative to requirements 
for maintenance and growth, kg/d, and 
LWL = body weight lost, kg/d. 
Therefore, the total net energy requirement (TNE, kcal/d) 
was expressed as: 
TNE = TNEm + EXEN + NEg (10) 
Energy and protein intakes 
The digestible energy (DE) intake from tropical forage is 
related to its digestible DM intake, according to 
Butterworth (1964): 
DE (kcal/g) = .0418 * FDMD + .219 
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DEIF = (.0418 * FDMD + .0219) * FDMI (11) 
where 
FDMD = forage dry matter digestibility, %, 
DEIF = digestible energy intake from forages, kcal/d, 
FDMI = forage dry matter intake, kg/d 
The total digestible energy intake (TDEI, kcal/d) was 
the sum of forage energy and that of the supplement. The 
digestible energy of the CSM supplement (DES) was estimated 
using its proximate analysis which, according to NRC (1984) 
was equal to 3.71 kcal/g DM. 
DEIS = DES * SUPP (12) 
where 
DEIS = digestible energy intake from the supplemental 
CSM, kcal/d, and 
SUPP = supplement fed, kg/d. 
Therefore, 
TDEI = DEIF + DEIS (13) 
TDEI = (.0418 * FDMD + .219) * FDMI + DES * SUPP (14) 
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The protein intake was expressed in the same unit (MP) 
as the requirements. Undegraded feed MP and microbial MP 
were expressed according to Burroughs et al. (1974). The 
escaped values of CP of tropical forage have not been well 
documented; however, according to Burroughs et al. (1975a, 
1975b), low protein roughage (containing less than 7% CP) 
have an average of 25% undegraded CP and this value was used 
for forage consumed by steers in the simulation. 
FORMP = FCP * .25 * .9 * FDMI 
SUPPMP = CPSUPP * UNDSUPP * .9 * SUPP 
MICMP = [((1.044 * TON) - 15) * .8] * TDMI 
TOTMP = FORMP + SUPPMP + MICMP 
FORMPI = FORMP * FDMI (15) 
where 
FORMP = MP from forage crude protein intake, kg/d 
SUPPMP = MP from the supplement crude protein, kg/d, 
UNDSUPP = undegraded supplement, %, (32.1% for CSM), 
MICMP = MP from microbial protein, kg/ total feed DMI, 
TOTMP = total MP intake, kg/d, 
TDMI = total dry matter intake, kg/d, and 
TDN = total digestible nutrients, %. 
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Burroughs et al. (1974) assumed that feed proteins are 
90% and microbial proteins 80% digested in the intestine. 
The quantity of urea required to generate additional MP was 
calculated as follow: 
UFP = [(1.044 * TDN) - B]/2.8 (16) 
where 
UFP = urea fermentation potential, g/kg feed DM, 
B = protein degraded, g/kg, and 
2.8 = conversion of CP to urea (urea = 280% CP). 
Total crude protein intake was the sum of forage CPI 
and supplement CPI. 
SCPI = SCP * SUPP (17) 
TCPI = FCPI + SCPI (18) 
TCPI = FCP * FDMI + SCP * SUPP 
where 
TCPI 
FCPI 
SCP = 
= total crude protein intake, kg/g. 
= forage CP intake, kg/d, and 
- crude protein content of the supplement, %. 
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Energy and protein utilization by steers 
According to NRC (1984), the digestible energy is 
metabolized with an efficiency of .82. During weight 
stasis, Graham and Searle (1975) estimated the efficiency of 
utilization of ME for maintenance (k^) to be .75 and during 
realimentation it was reduced to .66. In this simulation, 
it was assumed that k,n was .75 during the dry season and the 
early part of the rainy season (supposedly a compensatory 
growth period) and .66 during the rest of the rainy season. 
Weight loss was assumed to provide the same amount of energy 
on weight basis as the retained energy. 
Excess CP to be excreted was estimated as the 
difference between CP intake and CP retained. 
CPI = FCP * FDMI + SCP * SUPPL (19) 
DCPI = FCP * FDMI * FCPD + SD * SCP * SUPPL (20) 
CPRET = .22 * ADG (21) 
EXCCP = DCPI - CPRET (22) 
where 
CPRET = CP retained, kg/d, and 
SD = digestibility of the supplement, %. 
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Economic analysis of protein supplementation 
Only major feed and non-feed costs associated with 
cattle production were considered in this simulation. These 
included the costs of CSM and salt, a grazing fee charged 
per head for the use of pastures eradicated against Glossina 
spp. Non-feed costs were mainly veterinary products and 
labor. Although the initial price of steers was similar at 
the start of the supplementation, it differed among groups 
at the end of the dry season. This period marks the 
beginning of the farming season when there is a high demand 
for steers for draft purposes. Since steers fed CSM during 
the dry season had superior body condition compared with the 
control, their market value was increased by 12%. 
SUPPCOST = $ .09/kg 
FIXEDCST = $ .06/d 
ANIMCOSTl = $ .85/kg 
ANIMC0ST2 = $ .95/kg 
where 
SUPPCOST = cost of supplemental CSM, $/kg, 
FIXEDCST = fixed cost, $/d, 
ANIMCOSTl = price of animal, $/kg live weight of steers 
not supplemented, and 
ANIMC0ST2 = price of steers given supplement. 
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RESULTS AMD DISCUSSION 
Nutrient requirements for maintenance 
Energy 
The total maintenance energy requirement (TNEm) varied 
with the activities and the growth rate of steers. During 
the dry season, it was met by energy from forage intake. 
However, when forage DMI was depressed in March by 1.0 kg of 
CSM supplement, steers were slightly energy deficient (Table 
1). The TNEm were 104, 112, and 117 kcal/kg w" 
respectively for steers gaining -.08, .13, and .20 kg/d 
during the dry season. During the rainy season the TNEm 
increased with improved performance of steers, ranging from 
115 to 118 kcal/kg respectively, for steers gaining 
.46, .48, and .43 kg/d. However, the requirement component 
for activity was higher during the dry season and accounted 
for 30% of the TNEm compared with 25% in the rainy season. 
Activity energy during the dry season is lower than the 
value reported by Dicko et al. (1983) who indicated that 
activity energy of grazing cattle in Sahelian conditions of 
Mali was 79% of the TNEm during the dry season and 27% 
during the rainy season. NRC (1989) proposed a 20% increase 
in energy above basal metabolic energy for dairy cows on 
sparse pastures. Our values are higher than those of NRC, 
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Table 1. Estimated daily ME and MP balances available for 
gain and total UFP values from dry matter consumed 
by grazing steers 
CSM^ 
MEB, Mcal/d MPB, g/d UFP, g/d 
0 .5 1.0 0 .5 1.0 0 .5 1.0 
Feb 1.0 0 2.6 -77 16 87 65 57 9 
Mar .9 .9 —. 6 -76 -1 71 72 37 -12 
Apr .1 3.3 .3 -89 -15 62 64 32 -10 
May 1.8 3.3 2.3 187 320 354 -2 39 -66 
Jun 2.2 1.9 1.6 183 197 199 25 21 25 
Jul 4.2 3.2 3.8 66 66 67 81 79 86 
Aug 2.4 4.5 3.1 124 178 144 52 59 57 
Sep 2.4 4.9 5.6 60 103 106 72 85 92 
® CSM, kg/d, was fed during the dry season only. 
because of the difference in the quality of forage biomass 
available affecting the daily distances walked by grazing 
animals in both environments, distances longer in the 
Sahelian than in the temperate environmements. 
Protein 
The MP system indicated that CP intake from forage did 
not meet the requirement for maintenance of grazing steers 
during the dry season (Table 1). Steers that did not 
receive CSM had on the average, a deficit of 81 g MP/d, 
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which explained their weight loss (-.08 kg/d during that 
period), compared with surpluses of 0 and 73 g MP for steers 
fed .5 kg or 1.0 kg CSM daily respectively (gaining .13 and 
.20 kg/d). However, in the rainy season, the MP required 
for maintenance was met with CP intake from forage. 
The model predicted positive UFP values during the 
entire study period except for steers fed 1.0 kg CSM during 
the dry season and in May for all groups when the forage CP 
content reached its highest value (10.8%). Positive UFP 
values indicated that fermentable energy was in excess 
compared with energy required for the quantity of ruminally 
available N, and more MP could have been produced by the 
rumen microbial population if more N and sulfur (S) had been 
fed. This tends to suggest that steers could respond to 
urea and S supplementation whenever forage CP is below 10%. 
Supplementing grazing animals should take into account 
the associative effects of the supplement on forage intake 
and digestibility. In order to optimize use of the energy 
from forage without depressive effects on its intake and 
digestibility, a strategic dry season supplement should 
consist of about 50 to 60 g of urea and 3 to 5 g of S per 
steer daily, for rumen microbial protein synthesis, and 
additional .5 kg CSM to provide escaped AA for absorption in 
the small intestine. Such a feeding scheme that maximizes 
rumen microbial protein synthesis and provides dietary 
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protein to the small intestine (Adamu, 1985) have been 
reported to improve intake and utilization of low quality 
forages and weight gain of grazing animals (Kempton and 
Leng, 1979; Redman et al., 1980). Further research is 
needed to evaluate the cost and benefits of such a feeding 
system on cattle production in Sub-Saharan Africa. 
Prediction of cattle performance using the NE and MP 
Predicting response by the ME system 
The ADG observed and that simulated by the NE system 
are presented in Figure 1. The solid line represents the 
best fit relating observed and simulated values and 
indicates that the NE tended to overestimate ADG. The 
energy intake was estimated from forage DMI and DMD 
(Butterworth, 1964) and the energy content of the supplement 
(NRC, 1984) . Steers that were not fed CSM supplement tended 
to have a higher DMD, and consequently higher energy 
estimates which predicted better performance than observed. 
However, because CP intake from pasture during the dry 
season was inadequate to provide enough MP for maintenance, 
they were loosing weight. It is possible that predicting 
digestible energy of forage by its DMD might not provide the 
best estimate of energy, especially because of large 
variations in ash content among forages. Others (Richard et 
al., 1990) have used DCP or digestible organic matter to 
^ MP simul. 
NE simul. 
0.8 
•D 
9 0.6 
0.4 
0.0 
-0.2 
-0.4 
-0.2 0.0 0.2 0.4 0.6 0.8 1.0 
Observed ADG, kg/d 
Figure 1: Observed and simulated daily gain of grazing steers by the MP and NE 
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estimate energy of tropical forages. Also assuming that 
FDMI of grazing steers was 40% higher compared with those 
fed in digestion crates might have overestimated the real 
intake. However, for model improvement, more data on forage 
intake and digestion by grazing cattle will be required. 
Predicting performance by the MP system 
The MP system tended to underestimate ADG of grazing 
steers (Figure 1). This was probably due to a low estimate 
of CP intake. Grazing animals have the ability to select 
forages of high CP content, especially during the dry season 
(Guerin et al., 1988), a selection difficult to mimic when 
hand-harvesting forages to feed in digestion crates. Also, 
estimates of the undegraded fraction of forage CP might not 
have been properly accounted for. Forage and roughage of 
low CP content (below 7% CP) were reported to have 
undegraded protein fractions ranging between 25 and 35% 
(Burroughs et al., 1975a, 1975b). An average value of 25% 
was used in this simulation to compute MP from forage. It 
is possible that this value changes with the plant species, 
the parts of the plant and the vegetative state, as well as 
with the seasons. Further research to measure the escaped 
values of protein of major botanical species consumed by 
cattle (Fall, 1992) could permit a better prediction of the 
MP available from pasture and improve the model. 
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Energy and protein interactions 
The simulation using the lowest ADG predicted by either 
MP or NE system is presented in Figure 2. The linear 
regression of observed versus simulated ADG was: 
ADGgin, = -.021 + .683 * ADG^bs (R^ = .54; P = .0001). 
The model underestimated ADG and overestimated weight 
loss. The objective of this simulation was not to estimate 
the efficiency of protein and energy utilization by grazing 
cattle; rather to predict situations which might require 
feed supplement in order to avoid weight loss, detrimental 
to productivity. This model predicted situations when 
weight loss could occur (Table 2). However, predicted ADG 
are far lower than .89 kg for 270 kg adult males reported by 
Table 2. Observed and simulated average daily gain of 
grazing steers 
CSM, kg/d Observed Simulated 
Dry season 0.0 —0.08 -0.25 
0.5 0.13 0.0 
1.0 0.20 0.07 
Rainy season® 0.0 0.46 0.31 
0.5 0.48 0.40 
1.0 0.43 0.33 
Overall period 0.0 0.26 0.10 
0.5 0.35 0.25 
1.0 0.34 0.24 
® CSM was provided only during the dry season. 
0.8 
0.6 
0.2 
03 0.0 
-0.2 
-0.4 
-0.2 0.0 0.2 0.4 0.6 0.8 
Observed ADG, kg/d 
Figure 2: Observed and simulated daily gain of grazing steers by the lowest 
MP and NE estimates 
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Konandreas and Anderson (1982) in a simulation model in 
similar environments. The discrepancy was probably due to 
their overprediction of forage DM intake, 7.58 kg daily, 
which seems high for cattle on low quality pastures. 
Equations computed from the stepwise regression of MP 
and ME versus ADG (Table 3) indicated that MP was the most 
significant independent variable to predict weight gain, 
accounting for 83% of the variation during the entire study 
period. It accounted for 65% and 73% of the variation 
during the dry and the rainy seasons respectively. This is 
in agreement with field data .collected (Njoya and Trenkle, 
1992) and reports by Falvey (1977), Dicko et al. (1983) and 
Pratchet et al. (1977) that protein content of forage was 
the most important factor of weight gain by grazing cattle. 
Energy (ME) accounted for 35% of the variation of ADG during 
the dry season and 27% during the rainy season. 
Table 3. Regression equations and R-square values for 
predicting daily gain of grazing Zebu cattle 
Period Equation R2 P 
Dry season -.143+. 157*MEB+. 0023*MPB-.03*MEBf .97 .0004 
Rainy season —.680+. 323*MEB+. 0047*MPB-.04*MEBf 91 .0011 
Entire period —.126+. 110*MEB+. 0023*MPB-.012*MEB^ .95 .0001 
MEB = metabolizable energy available for gain (Mcal/d). 
MPS = metabolizable protein available for gain (g/d). 
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Economic analyses 
Even though the cost of supplementation is a source of 
concern to farmers, it must be compared with the cost 
associated with loss of productivity when no supplement is 
provided. The economic analysis of CSM supplementation of 
grazing steers is summarized in Table 4. Maintaining cattle 
without feed supplement would delay their growth to reach 
mature size which would increase the maintenance cost 
compared with animals receiving supplements. It is well 
established (Ledger and Sayers, 1977) that keeping poor 
growing animals for a longer time slows the capital turn­
over rates and increases labor costs. This does not take, 
however, into account degradation of pastures due to 
overstocking. Supplying 1.0 kg of CSM per growing steer 
daily during the dry season could generate great returns; 
however, for farmers with limited resources, 0.5 kg daily 
could not only generate good returns, but also allow feeding 
twice as many animals with the same investment in 
supplement. Such economic profits are possible if steers 
are sold at the beginning of the rainy season (May-June) 
which is the farming season, a period when the demand for 
steers in good condition is extremely high for use as draft 
animals, or for meat. From a simulation study of cattle 
production systems in East Africa, Sullivan et al. (1981) 
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Table 4. Economic analysis of dry season supplementation 
CSM, kg/d 0 
• 
5 1. 0 
Duration, d 90 90 90 
Fixed cost, $.06/d 5. 40 5. 40 5. 40 
Supplement cost, $.09/kg . 00 4. 05 8. 10 
Initial wt, kg 228. 6 225. 6 232. 1 
Final wt, kg 221. 1 237. 4 250. 0 
Animal initial value, $/head 194. 31 191. 76 197. 85 
Total cost, $/head 199. 71 201. 21 210. 79 
Animal final value, $/head 187. 94 225. 53 237. 50 
Net return, $/head -11. 77 24. 32 26. 72 
also indicated that a combination of a breeding program and 
dry season supplementation of cattle increased profits to 
farmers by 40%. 
This simulation model indicated that energy from forage 
seems adequate for maintenance and modest weight gain while 
protein is inadequate during the dry season to meet the 
requirement for maintenance of grazing steers, and 
consequently limits weight gain. If maintenance of body 
condition or weight gain during the dry season is desired, a 
protein or nitrogen in the form of urea supplement will be 
required. The model also suggested that providing .5 kg of 
CSM to steers was economically beneficial, and optimum 
metabolizable protein production could be obtained with 
additional modest amounts of urea during the dry season or 
whenever forage CP is below 10%. However, whether cattle 
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could respond and what would be the cost and benefit of such 
supplements to low income farmers in the semi-arid 
environments of Africa need to be evaluated. 
This model further indicated that, although the MP 
system was originally developed for feedlot cattle on high 
energy and protein diets, it can be used to estimate the 
requirements and to predict performance of Zebu cattle 
grazing tropical pastures. Cattle production in the Sub-
Saharan environments will depend on natural pastures for 
feeding, for many years to come. As mentioned by Leng 
(1990), the traditional approach of estimating the forage 
value on the basis of CP and ME should shift to measurements 
of its intake, and utilization within the animals. In order 
to estimate feed supplements that economically can improve 
cattle productivity, reliable estimates of the nutrient 
requirements in relation to the physiological state, the 
production targets and the environmental conditions will 
depend on accurate estimates of forage intake and its 
utilization by grazing cattle. Furthermore, little is known 
on the ruminai degradability of forage proteins in Sub-
Saharan environments, although such measurements are 
essential in estimating MP availability in the small 
intestine of ruminant animals (NRC, 1985; Abdalla et al., 
1988; Erasmus et al., 1990). 
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The effects of feeds supplementation on forage intake 
and utilization and response by grazing cattle need to be 
combined with estimates of the metabolic profiles (blood 
urea, albumin, betahydroxybutyrate and total protein) and 
visual appraisal of body condition of the animals that could 
indicate the nutritional status, and determine if response 
to supplementary feeds could be expected. Visual appraisal 
of body condition could become a rapid method to diagnose 
animals, particularly females (cows and heifers) which are 
vulnerable to undernutrition, and require feed supplements 
to prevent loss of productive and reproductive potentials. 
Using simple inputs such as forage DM intake and 
digestibility, cattle weight and grazing activity (distance 
walked and duration of grazing), this simulation model can 
be utilized as a rapid method to estimate the energy and 
protein requirements for maintenance, the periods to provide 
feed supplements, and to predict performance responses to 
supplementation of grazing Zebu cattle in the semi-arid 
environments of Africa. At this initial stage of its 
development, this simulation has helped identify major areas 
where research is needed in protein and energy utilization 
by grazing cattle. The major limitation of this simulation 
resides on the limited number of animals used. However, as 
more data become available, this model would be improved to 
predict requirements and supplements needed to meet the 
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nutrient balance for optimum productivity of grazing cattle 
that can generate greater economic returns to farmers in 
Sub-Saharan Africa. 
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SUMMARY AND CONCLUSIONS 
The objectives of this work were to estimate the value 
of cottonseed meal as a protein supplement for grazing 
steers by measuring its effects on intake and utilization of 
a low quality pasture and performance of grazing Zebu 
steers. A simulation model to estimate the protein and 
energy requirements of grazing steers and when it was 
beneficial to provide them feed supplements was developed 
using information from the literature and data from the 
experiments. These objectives were achieved by: 1) 
Conducting an in situ digestion trial where estimates of the 
degradability and escaped values of cottonseed meal protein 
were measured. 2) Feeding CSM as a supplement at graded 
levels to grazing steers to measure their growth performance 
during the dry and the rainy seasons. 3) Measuring the 
effects of CSM supplement on forage intake and digestibility 
by steers during eight monthly collections from February to 
September, with digestion kinetics measured during six of 
them (from April to September). 4) Conducting a second in 
situ trial to evaluate the effect of CSM on forage dry 
matter and cell wall degradation by steers. 
Feeding CSM increased crude protein absorbed, rumen 
turn over rate and ADG. Forage dry matter intake was 
increased only with .5 kg CSM. Forage DMD, NDFD, and ADFD 
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tended to be decreased with 1.0 kg of CSM compared with .5 
kg or none. Dry season supplementation increased rumen turn 
over rate and FDMI, but did not affect FDMD, NDFD, ADFD, 
crude protein absorbed and ADG during the rainy season. 
The simulation indicated that during the dry season, 
energy intake from forage seemed adequate for maintenance 
and moderate weight gain, while protein was deficient to 
meet maintenance requirement of steers. The model further 
indicated that limited CSM supplementation would allow 
cattle to maintain their weight while those not fed 
supplement would loose weight; therefore, MP was the major 
limiting factor of weight gain of grazing cattle. Positive 
UFP estimates obtained, except in May when forage CP content 
was high (10.8%) and when 1.0 kg of CSM was fed, suggest 
that steers could respond to moderate amounts of urea (50 to 
60 g daily) whenever forage CP is below 10%. Practically, 
this tends to suggest that urea blocks could be provided in 
the night paddocks to meet the N requirement for maintenance 
of steers and possibly increase weight gain. 
In the current production context of Sahelian Africa, 
improving weight gain of cattle during the dry season 
requires investments. Low income farmers, however, do not 
usually have the necessary capital to invest in large 
quantity of feed supplements, even though it may be 
economically justified. The ideal should be to have cattle 
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maintain or slightly improve their weight and condition in 
order to prevent loss of the reproduction potentials of 
females or the draft power of males. Data from this study 
suggest that .5 kg of CSM can increase forage intake and 
weight gain of grazing steers during the dry season at a 
minimum cost to producers, and these improvements can be 
maintained during the rainy season. However, the effects of 
protein supplements on forage intake and utilization, and 
subsequent productivity of others classes of grazing cattle, 
especially cows, heifers and calves will need to be 
evaluated. Furthermore, as observed by Cronje (1990), 
feeding a constant amount of a supplement to animals may be 
of little practical value due to large variations in the 
nutritive quality of forage. Therefore, estimates of 
forage intake and forage quality and animals requirements 
are equally essential to plan on feeding a supplement only 
when animals can respond and when financial benefits to 
farmers outweigh the cost involved. 
The improvement in the simulation to estimate the 
nutrient requirements and predict performance of grazing 
cattle will firstly require more data on forage intake and 
its utilization. During the dry season, forage intake and 
digestibility could be measured on a monthly basis with 
grazing steers harnessed with canvas bags to collect feces, 
or simply dosed with indigestible markers. The evaluation 
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of forage quality would require routine analyses.of DM, CP 
and cell walls using hand-clipped samples or possibly, 
esophageal samples from grazing steers. By the end of the 
dry season and the early part of the rainy season (April-
May) , a transition period between the dry and the rainy 
seasons when forage is almost completely grazed, burnt and 
the remaining dry grasses soaked and rotten by early rains, 
the monitor scheme could become twice monthly in order to 
predict relative proportions of nutrients to be provided by 
supplements in order to limit or prevent excessive weight 
loss of cattle, and also to determine, as pastures 
regenerate, the appropriate period when cattle will no 
longer require supplementation. 
Secondly, estimates of the escaped protein values of 
forages and feed supplements are essential in formulating 
diets of ruminants animals (NRC, 1985; Abdalla et al., 1988; 
Erasmus et al., 1990). The seasonal variation in rumen 
degradable and escaped proteins of major botanical species 
grazed by cattle will need to be estimated. This should 
include new species of legumes which are now being 
introduced in the Sub-Saharan Africa to reduce soil erosion 
and improve its fertility and also to provide forages to 
animals. The effects of proteins and urea on forage intake 
and digestion and on performance of grazing cattle will need 
to be evaluated. It is not excluded that additional energy. 
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especially during the dry season, ii -rovsc cattle 
productivity. These studies would require measuring the 
effects of feed supplements on the rumen fermentation 
patterns and the rates, extent and sites of digestion in 
fistulated cattle fed forage diets. 
The effects of other nutrients such as minerals (P, Ca) 
and trace elements (Cu, Co, Zn, Se) which seem to be 
deficient in certain parts of Sub-Saharan Africa (Schillhorn 
and Loeffler, 1990) and vitamins (A, Dj, E and K) on the 
performance of cattle will need to be evaluated. The 
purpose of a feed supplement as reported by Leng (1990) is 
to improve the efficiency of the digestive system, by 
increasing forage intake and availability of AA and VFA for 
absorption into the blood stream. 
In vivo estimates of the effects of feed supplements on 
forage intake and utilization and response by grazing cattle 
need to be combined with those of the metabolic profiles 
(blood urea, albumin, total protein, betahydroxybutyrate and 
minerals) and visual appraisal of body condition of the 
animals that could indicate the nutritional status, and 
determine if response to supplementary feeds could be 
expected. Visual appraisal of body condition is a rapid 
method to diagnose nutrient deficiencies in animals, 
particularly females (cows and heifers) which are vulnerable 
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to undernutrition, and require feed supplements to prevent 
loss of productive and reproductive potentials. 
The practical implication of these studies for farmers 
is that feeding a protein supplement (45 kg of CSM, .5 kg 
per steer daily) during 3 months of the dry season (February 
to April) would increase the utilization of mature forage 
and allow moderate weight gain of cattle which otherwise 
might be loosing weight. Contrary to the recommendation by 
the extension services that draft steers and other mature 
cattle (250 kg average body weight) need 1.0 kg of CSM a day 
to meet their protein requirements during the dry season, 
these studies have indicated that half that amount would be 
enough for the same purpose during the same period. 
Financially, .5 kg of CSM supplement daily would generate a 
net profit of $24.32 per steer during the dry season 
compared with a net loss of $11.77 when no CSM supplement is 
provided. Long term profits could be much greater, such as 
the reduction in age to mature body weight, the increase in 
the reproductive efficiency of females, and the reduction in 
calf mortality. The beneficial effect to the natural 
resources would be a reduction in the stocking rate of 
pasture by lowering the age of marketing cattle. 
In conclusion, protein has been indicated as a major 
limiting factor to cattle growth during the dry season, 
which can be overcome with feed protein or urea 
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supplementation. With increased human population and 
reduced grazing lands, low income farmers in the Sub-Sahara 
need improved but low cost technologies and management 
practices that can increase cattle productivity to generate 
greater financial profits while decreasing the environmental 
degradation currently inflicted by large cattle herds. 
These needs could be achieved by providing strategic 
nutrients that would meet the requirements of grazing 
animals at specific seasons of the year. Further studies 
are required to improve prediction of this last aspect by 
simulation models. 
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APPENDIX: SAMPLE PRINTOUT OF NUTRIENT ESTIMATES 
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ESTIMATES OF NUTRIENT INTAKE AND REQUIREMENTS AND EXPECTED 
DAILY WEIGHT GAIN OF A STEER FED NO SUPPLEMENT 
INPUTS AND INTERMEDIATE 
CALCULTIONS 
****************** 
FORAGE QUALITY AND 
GRAZING ACTIVITY 
****************** 
FDMI, kg 4.50 
FCP, % 3.0 
FDMD,% 55.0 
LW, kg 250 
DIST.,km 8 
GRAZ., h 8 
TDN, % 57.2 
****************** 
FEED SUPPLEMENT 
****************** 
SUPP, kg 0.00 
SCP,% 40.8 
CP,g 0 
DE,Meal 3.71 
UNDEG,% 0.321 
SDMD,% 86.7 
TDN, % 84.3 
****************** 
OUTPUT 
************************** 
TOTAL NUTRIENT INTAKE FROM 
FORAGE AND FEED SUPPLEMENT 
************************** 
CP, g 135 
ME, Meal 12.33 
MP, g 36 
************************** 
NUTRIENT REQUIREMENTS 
FOR MAINTENANCE 
************************** 
NEm, Meal 6.83 
MPm,g 108 
************************** 
NUTRIENT BALANCE 
AVAILABLE FOR GAIN 
************************** 
MEB, Meal 3.22 
MPB, g -72 
************************** 
************************** 
UFP ESTIMATE, g/d 70 
************************** 
PREDICT. ADG, kg -0.079 
************************** 
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ESTIMATES OF NUTRIENT INTAKE AND REQUIREMENTS AND EXPECTED 
DAILY WEIGHT GAIN OF A STEER FED .5 KG OF CSM 
INPUTS AND INTERMEDIATE 
CALCULTIONS 
****************** 
FORAGE QUALITY AND 
GRAZING ACTIVITY 
****************** 
FDMI, kg 
FCP, % 
FDMD,% 
LW, kg 
DIST.,km 
GRAZ., h 
TDN, % 
4.50 
3.0 
55.0 
250 
8 
8 
57.2 
****************** 
FEED SUPPLEMENT 
****************** 
SUPP, kg 0.50 
SCP,% 40.8 
CP,g 204 
DE,Meal 3.71 
UNDEG,% 0.321 
SDMD,% 86.7 
TDN, % 84.3 
****************** 
OUTPUT 
*************************** 
TOTAL NUTRIENT INTAKE FROM 
FORAGE AND FEED SUPPLEMENT 
*************************** 
CP, g 
ME, Meal 
MP, g 
339 
12.33 
124 
*************************** 
NUTRIENT REQUIREMENTS 
FOR MAINTENANCE 
*************************** 
NEm, Meal 
MPm,g 
6.83 
108 
*************************** 
NUTRIENT BALANCE 
AVAILABLE FOR GAIN 
*************************** 
MEB, Meal 
MPS, g 
3.22 
16 
*************************** 
*************************** 
UFP ESTIMATE, g/d 36 
*************************** 
PREDICT. ADG, kg 0.142 
*************************** 
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ESTIMATES OF NUTRIENT INTAKE AND REQUIREMENTS AND EXPECTED 
DAILY WEIGHT GAIN OF A STEER FED 1.0 KG OF CSM 
INPUTS AND INTERMEDIATE 
CALCULTIONS 
****************** 
FORAGE QUALITY AND 
GRAZING ACTIVITY 
****************** 
FDMI, kg 
FCP, % 
FDMD,% 
LW, kg 
DIST.,km 
GRAZ., h 
TDN, % 
4.50 
3.0 
55.0 
250 
8 
8 
57.2 
OUTPUT 
*************************** 
TOTAL NUTRIENT INTAKE FROM 
FORAGE AND FEED SUPPLEMENT 
&************************** 
CP, g 
ME, Meal 
MP, g 
543 
12.33 
212 
*************************** 
NUTRIENT REQUIREMENTS 
FOR MAINTENANCE 
*************************** 
****************** 
FEED SUPPLEMENT 
****************** 
SUPP, kg 1.00 
SCP,% 40.8 
CP,g 408 
DE,Meal 3.71 
UNDEG,% 0.321 
SDMD,% 86.7 
TDN, % 84.3 
****************** 
NEm, Meal 
MPm,g 
6.83 
108 
*************************** 
NUTRIENT BALANCE 
AVAILABLE FOR GAIN 
*************************** 
MEB, Meal 
MPS, g 
3.22 
104 
*************************** 
*************************** 
UFP ESTIMATE, g/d 2 
*************************** 
PREDICT. ADG, kg 0.311 
*************************** 
